Objective: Glycaemic goals are not achieved in most patients with type II diabetes mellitus (T2DM), especially in those with long disease duration and taking multiple oral antidiabetic drugs (OAD). We aimed to investigate the effectiveness of individualized homeopathic treatment in glycaemic control. Design: Retrospective cohort study. Setting: At least 6 months of individualized homeopathic treatment at a private homeopathic centre in Hong Kong. Participants: Twenty-seven adults aged 37e84 years were treated with individualized homeopathic remedies between 2012 and 2015. Published data on 40 T2DM patients under standard conventional treatment in Hong Kong were used as a control. Main outcome measure: Change in fasting plasma glucose (FPG) and glycated haemoglobin (HbA1c) at 12-month or the last follow-up, whichever is earlier.
Introduction
According to the World Health Organization (WHO), there are approximately 143 million people with diabetes worldwide, and this number is projected to rise to almost 300 million by 2025. 1 The traditional stepwise approach to the management of type II diabetes mellitus (T2DM) involves the initiation of lifestyle modification (i.e. medical nutritional therapy and exercise), followed by the addition of oral antidiabetic drug (OAD) therapy if glycated haemoglobin (HbA1c) levels rise above the target of 7.0% recommended in the guidelines issued by the American Diabetes Association/European Association for the Study of Diabetes (ADA/EASD).
Strong evidence from several large-scale studies showed that most patients on monotherapy, regardless of drug class, failed to achieve recommended glycaemic goals (HbA1c # 7.0). 3e5 Analyses from the Hong Kong Diabetes Registry 2 showed high percentages of patients receiving multiple medications and high rates of suboptimal glycaemic control (60.3%), especially in patients with long disease duration and those receiving complex regimens. The longer the duration of disease, the higher the rates of OAD failure requiring insulin (23.7%, 39.3%, 57.1% and 75.9% in those with disease duration <5 years, 5e9.9 years, 10e19.9 years and >20 years, respectively).
T2DM has been primarily attributed to progressive loss of beta cell function. Consequently, most patients will require intensification of therapy to maintain glycaemic control by the addition of other anti-hyperglycaemic agents to ongoing treatment, and insulin therapy is needed eventually in many patients (39.2% in the Hong Kong Diabetes Registry 2 ). Increasing numbers of OAD are associated with higher HbA1c levels, increasing from 6.7 AE 1.2% in those taking one OAD to 8.3 AE 1.6% in those taking four OADs. As the number of OADs is increased, the rate of achieving glycaemic target worsened.
Moreover, though OADs were effective at improving glycaemic control, there were concerns that some classes of OADs may increase the risk of cardiovascular events. 6e9 Epidemiologic studies have shown a relationship between glycated haemoglobin levels and cardiovascular events in patients with T2DM, but the mortality associated with OADs and their net benefit in terms of cardiovascular events is still highly debated.
With the WHO Traditional Medicine Strategy 2014e2023, 10 the use of complementary and alternative medicine (CAM) is gaining considerable recognition and popularity worldwide. In Germany, homeopathy was the most common complementary medicine (14.5%) used by children with type 1 diabetes in four paediatric diabetes centres.
14 In Malaysia, more than half (56%) of patients with diabetes used alternative therapies in conjunction with conventional treatment of diabetes. 15 Informative controlled animal experiments were carried out on Alloxan-induced diabetes in rats, 20 demonstrating the anti-diabetic effect of Alloxan in a homeopathic dose. Most clinical trials concerning T2DM have focused on a specific homeopathic remedy, 28e30 e.g. selenium, Gymnema sylvestre, Cephalandra indica, or a complex remedy, rather than on individualized homeopathic treatment. A 12-month observational study was available for individualized homeopathic treatment in 2008, n = 45 in the homeopathic group and n = 32 in the conventional treatment group, a significant improvement was found in the diabetic neuropathy symptoms score (p = 0.016), and a non-significant decrease in fasting plasma glucose (FPG) and HbA1c were observed. 31 A much larger (n = 336) prospective, multi-centric, clinical observational study on individualized homeopathic treatment on diabetic polyneuropathy published in 2013 32 showed a significant improvement in the total symptom score (p = 0.0001) in patients with good diabetic control (HbA1c < 8.0), a reduction in FPG (mean reduction = 0.5 mmol/L, p = 0.0001) and post-prandial plasma glucose (mean reduction = 1.5 mmol/ L, p = 0.0001) in 1-year follow-up.
Because there has been no previous clinical study targeting glycaemic control by individualized homeopathic treatment, our trial aimed to explore the potential effect of individualized homeopathic treatment on T2DM patients with different degrees of diabetic control and its association with baseline characteristics. Its result may provide a clue to which group of patients we should focus on in future randomized controlled studies on T2DM.
It was hypothesized that, compared with conventional management alone, the addition of individualized homeopathic treatment would lead to a significant decrease in FPG after at least 6 months of homeopathic treatment for patients with T2DM. It was further hypothesized that the treatment effect would follow the same pattern as the conventional treatment, i.e. higher baseline fasting glucose, increased duration of diabetes and number of OAD would be associated with worse glycaemic control.
The primary objective was to compare the change in FPG before and after the addition of at least 6 months of individualized homeopathic treatment with a control group receiving standard conventional treatment only. The secondary objectives were to compare the demographic and diabetic history of the subjects between the homeopathy group in the private homeopathic centre and the patients under standard conventional treatment in the Hong Kong Diabetic Registry 2 ; to compare the change in HbA1c, total cholesterol, high density lipoprotein (HDL), low density lipoprotein (LDL) and triglycerides (TG) before and after the addition of individualized homeopathic treatment and the control group with standard conventional treatment only and to identify if the effect on FPG was associated with any baseline characteristic (demographics and baseline diabetic history).
Methods
This was a retrospective cohort study of individualized homeopathic treatment in addition to conventional treatment compared with standard conventional treatment in T2DM patients in Hong Kong.
Eligibility
Clinical records from 1st Jan 2012 to 31st August 2015 in a private homeopathic centre in Hong Kong were reviewed and the following records were included for analyses.
Subjects were required to fulfil all the following inclusion criteria to be eligible for analyses: Patients who fulfilled any of the following exclusion criteria were not eligible for admission to the study:
1. History of type 1 diabetes 2. Patients with missing baseline FPG measurements 3. Patients with missing post-treatment FPG measurements.
Two arms/regimens Homeopathy group (conventional diabetic treatment + individualized homeopathic treatment for at least 6 months): The homeopathic symptoms were obtained per the methods of classical, individualized homeopathy. Homeopathic symptoms, i.e. the more rare, strange and peculiar symptoms for each patient, were evaluated rather than the pathognomonic symptoms of diabetes. By matching the homeopathic symptoms with related symptoms in various homeopathic remedies provided by the Materia Medica, a single homeopathic remedy was prescribed. 31 The potency, posology and frequency of the homeopathic medicines for each patient were at the homeopath's discretion, but the Centesimal Hahnemannian (CH) scale was generally used. All subjects were encouraged to continue their standard conventional treatment and follow-up at local outpatient settings and to report if there were any modifications to those.
Patients had 2-weekly, 4-weekly or 6-weekly follow-ups at the homeopathic centre. The constitutional remedy, potency, frequency or posology were evaluated and adjusted as needed in the follow-ups. Patients who attended regular follow-ups for at least 6 months were included. Outcome measures were taken at the 12-month follow-up, or the last follow-up if the follow-up time was less than 12 months.
Control group (standard conventional diabetic treatment): The first external historical control group was identified from the published data by the Hong Kong Diabetic Registry 2 in 2008 for more detailed demographic and diabetic history comparison between the homeopathy and conventional groups.
The second external historical control group was identified from published data by The Hong Kong Polytechnic University in 2014 33 for comparison of primary and secondary outcomes. T2DM patients were recruited from a local Chinese non-profit organization for diabetes (Angel of Diabetic, Hong Kong). A total of 88 patients were included in the randomized controlled trial; 44 were randomly assigned into the control group, and 4 of them were excluded for loss to follow-up. The 40 patients were receiving standard conventional care and standard advice on medical nutrition therapy in a local outpatient setting. This group was used as a control group instead of the data in the Hong Kong Diabetic Registry because of the availability of the latest data on fasting glucose control, which is not provided by the latter.
Data collection
The demographic data (age, sex, smoking history, alcohol consumption history), baseline diabetic history (duration of diabetes, history of cardiac events, stroke, retinopathy, peripheral neuropathy, type of treatment, number of OAD) were collected from the clinical records in the homeopathy group. The same data were gathered for the standard conventional treatment group from the Hong Kong Diabetes Registry. 2 In the homeopathy group, pre-treatment glycaemic control was defined as the latest FPG and HbA1c available within 6 months before the first homeopathic consultation or within 1 month after the first homeopathic consultation; post-treatment glycaemic control was defined as FPG and HbA1c available at the 12-month follow-up (allowance of 6 months before or after the 12-month follow-up); any modification in the OAD or insulin was recorded. Blood test results for total cholesterol, HDL, LDL and TG were collected over the same period. Compliance status was defined as good if the patient-reported compliance was >70% during the treatment period.
The control group for the outcome comparison was the data published by The Hong Kong Polytechnic University, 33 which was the latest local data on glycaemic control under standard conventional treatment available. Demographic data and blood test results for FPG, HbA1c, total cholesterol, HDL, LDL and TG under standard conventional care in 3 months were gathered.
Ethics
The protocol was approved by The Joint Chinese University of Hong KongeNew Territories East Cluster Clinical Research Ethics Committee (The Joint CUHKeNTEC CREC).
Statistical Analyses

Endpoints
The primary endpoint was the difference in the change in FPG from baseline between the homeopathy group and the control group from the Angel of Diabetic. Secondary endpoints included the difference in the change in HbA1c, total cholesterol, HDL, LDL and TG from baseline between the two groups and any significant association between the effect and baseline demographic/diabetic parameters.
Sample size with power justification
The standard deviation of FPG in diabetic patients in the Hong Kong Diabetic Registry was 3.3 mmol/L. From previous literature, an add-on OAD, such as saxagliptin, in patients with inadequately controlled T2DM with metformin alone can have an effect size of À1.22 AE 0.14 mmol/L. 34 For a clinically significant improvement of À1.2 mmol/L, with 95% significance and 90% power, in a 1-sample design, the number of subjects needed was at least 25.
Analysis plan
SPSS was used for all data analyses. Demographic and diabetic parameters in the homeopathy group were compared with the data from the Hong Kong Diabetic Registry 2008 2 and the control group from Polytechnic University 33 
The comparison of the changes in FPG, HbA1c, total cholesterol, HDL, LDL and TG were carried out using a one-sample t-test. For the baseline parameters and treatment effect (i.e. change in FPG) analyses, a Pearson correlation test was used for age, duration of diabetes, baseline FPG and baseline HbA1c; a Spearman correlation test was used for the number of OAD.
Sensitivity analyses was carried out for patients who were receiving different treatment modalities at baseline, who had not increased the dosage of the OAD and insulin during the study period and who had good compliance during the study period. Differences with p < 0.05 were considered significant in all the above analyses.
Results
A total of 364 new homeopathic cases were found: 32 patients met the inclusion criteria; the prevalence of diabetes was 8.8%. One case was excluded for history of type I diabetes, two cases were excluded for missing baseline FPG and two cases were excluded for missing posttreatment FPG. Thus, 27 (84% of those meeting the inclusion criteria) cases were included for analyses (Figure 1) .
Compared with the demographic data from the Hong Kong Diabetes Registry (Table 1) , patients seeking homeopathic treatment were similar in age, gender, smoking status and alcohol consumption. However, more patients had a long (>20 years) duration of diabetes (p = 0.006), higher FPG (p = 0.044) and history of cardiac events (p = 0.022). More patients were not receiving any medical treatment (p < 0.001), but if they were, a higher proportion of patients were taking multiple OAD (p = 0.047).
Compared with the control group from the data published by The Hong Kong Polytechnic University (Table  2 ) on the patients from the Angel of Diabetic, patients seeking homeopathic care had higher FPG (p = 0.005) and HbA1c (p = 0.008) and a higher proportion were male (p = 0.040).
Glycaemic control was significantly improved in the homeopathy group. The mean difference in FPG was significantly better than in the control group, À2.24 mmol/L (95% confidence interval [CI]: À3.47 to À1.01) vs 0.16 mmol/L (95% CI: À1.72 to 2.04), p = 0.001. The mean difference in HbA1c was also better than in the control group, À1.11% (95% CI: À2.17 to À0.05) vs 0.08% (95% CI: À1.37 to 1.53), p = 0.046 (Table 3) .
In sensitivity analysis (Table 4) , patients with good compliance had a more significant effect size than in the full analysis, À2.63 mmol/L (95% CI: À3.96 to À1.30) (Figure 2a) . Analysis of patients who were not on any OAD or insulin gave a similar result to the full analysis, 
Discussion
The results of the present study were concordant with those of previous studies 31, 32 : FPG was significantly improved 12 months after individualized homeopathic management. The improvement in HbA1c was also concomitant with an improvement in FPG. The magnitude of the observed difference was less in the previous studies despite the larger sample size because only patients with good glycaemic control were included (HbA1c <8%) 32 by the eligibility criteria. The larger treatment effect that was found in those with poorer glycaemic control could be understood intuitively, as there is little room for improvement for those with good glycaemic control. This correlation can be found in lifestyle modification programs, 35, 36 but the association is the opposite for the effect of OAD. A recent study 37 showed that the effect size of OAD is negatively associated with the baseline fasting glucose (trend test, p = 0.031). The change in HbA1c was À1.98 AE 0.27 and À1.70 AE 0.10 mmol/L for patients with FPG <7.0 mmol/L and >8.0 mmol/L, respectively, after OAD treatment for 24 weeks. This may be an indication that the addition of individualized homeopathy treatment could be more beneficial in patients with unsatisfactory glycaemic control, with or without OAD. The significant change in FPG and HbA1c could hardly be attributed to the conventional medication, because the improvement was found without any increase in patients' baseline medication, and it was significant in the sensitivity analysis of the diet only group. The effect was not likely due to lifestyle factors, as systematic reviews 35, 36 concluded that even well-structured behavioural programs could provide only a small benefit in terms of glycaemic control. The mean difference was À0.12% AE 0.11% and À0.32% AE 0.10% for patients with baseline HbA1c levels <7.0% and $7.0%, respectively; they were both clinically non-significant.
In contrast, the improvement in FPG (À2.24 AE 0.63 mmol/L) and HbA1c (À1.11% AE 0.54%) was clinically significant if we compared the effect size with the addition of an OAD, such as saxagliptin, in poorly controlled T2DM patents. The addition of high-dose saxagliptin (10 mg once daily) resulted in a 1.14 AE 0.14 mmol/L decrease in FPG and a 0.58% AE 0.07% decrease in HbA1c. 34 Although there has been no consensus on the mechanism of how homeopathic remedies work, two major 
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KLA To et al physiochemical models are currently being investigated: quantum coherent domains and the formation of nanoparticles. 38 On the other hand, research in high-dilution pharmacology has suggested several molecular, cellular and systemic targets of homeopathic remedies in laboratory model systems. 39 The prognosis of patients with longer duration of disease and those on multiple OAD was worse for conventional treatment 2, 37 ; however, results from this study did not reveal such a correlation. Although the analyses were limited by the non-randomized, non-prospective design and the small sample size, it might support further investigations of the effectiveness of individualized homeopathic treatment, specifically in these poor prognostic groups, to confirm the role of homeopathy in these patients.
Confounder-controlled analysis was not possible due to the unavailability of data for each individual subject; the clinical settings might be different, e.g. people paying for homeopathic care might have better compliance with medications and lifestyle modification, or they might have higher education and socio-economic background. However, as we could see from the comparison analyses between the Hong Kong Diabetes Registry and The Polytechnic University, there were in general more patients with diabetes history longer than 20 years and higher baseline fasting glucose in the homeopathy group. These were in fact the poor prognostic factors for glycaemic control 37 ; thus, the control group should be at an advantage.
Another limitation of the study could have been the use of historical control data. Data on the control group from the Angel of Diabetics was published in 2014, whereas the homeopathy group data was collected between 2012 and 2015. It was not the optimal design as the two groups were not parallel, and the study periods were 12 months in duration for the homeopathy group and 3 months for the control group. However, it was the best available local data and, according to the data from the Hong Kong Diabetes Registry, the HbA1c level progressively increased with increasing disease duration, from 7.5 AE 1.9% (<5 years) to 7.7 AE 1.8% ($5 to <10 years), 8.0 AE 1.7% ($10 to <20 years) and 8.3 AE 1.8% ($20 years), so the shorter follow-up period in the control group should theoretically only lead to an underestimation of the treatment effect.
To minimize attrition bias, we included all patients who were followed up for $6 months, and the records of all the included patients were traced, irrespective of the treatment outcome. However, attrition bias could not be eliminated unless we carry out a randomized controlled trial with good compliance and a high follow-up rate. The study was not blinded, but the effect of performance bias should be minimal for the objective outcomes. Events occurring concurrently with the intervention could also have caused the observed effect, but there was no increase in medication use during the study period. Nevertheless, concurrent use of other treatment modalities, such as traditional Chinese medicine, acupuncture or herbs, was not assessed due to the lack of available data.
This was the first study focusing on glycaemic control by individualized homeopathic treatment, and multiple exploratory analyses were carried out on baseline parameters. Future randomized, placebo-controlled trials on patients with poorer prognostic factors, i.e. inadequate glycaemic control and long disease duration, are recommended.
Conclusion
In a non-randomized retrospective study, the addition of individualized homeopathic treatment to conventional treatment was associated with better glycaemic control in T2DM patients compared with standard conventional treatment alone. The decrease in fasting glucose and HbA1c was larger in patients with poorer glycaemic control at baseline.
